
II AO AOSb 606 BOEING COMMERCIAL AIRPLANE CO SEATTLE WASH F/S 13/a
ANODIZE OPTIMIZATION AND ADHESIVE EVALUATION FOP REPAIR APPLICA——ETC (tJ)
JAN 78 M C LOCKE, R E HORTON. a E MCCARTY F33615—73—C—5I71 I

UNCLASS IF 110 AFM L—TR—78— 7 NL I

_ U
_ 

_ _

__  
_ _ U

UbLU I SD

I 

~~~~~~~~~~~~~~~~~~~~~~~~
_____  —a I



p 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~r LEVELir’

APML-TR- 78-7

ANODIZE OPTIMIZATION AND
ADHESIVE EVALUATION FOR
REPAIR APPLICATIONS

Seattle,Washington 98124
Boeing Commercial Airplane Company

-

~~~~~~~~~~ D D C
JUL 21 1978

LiJ IIL~~JANUARY 1978 UU 31~J~~U V

Interim report for period December 1976-September 1977

[ Approved for public release; distribution unlimited]

AIR FORCE MATERIALS LABORATORY
AIR FORCE WRIGHT AERONAUTICAL LABORATORIES
AIR FORCE SYSTEM COMMAND
WRIGHT- PATTERSON AIR FORCE BASE , OHIO 45433

78 07 13 034

~-l4



NOTICE

When Gdvernment drawings, specifi cations, or other data are used for any pu r-
pose other than in connection with a defini tely related Government procur ement
operation, the Uni ted States Government thereby incurs no responsibility nor any
obligation whatsoever~ and the fact that the government may have f ormulated,
f urnished, or in any way supplied the said drawings, specif ications, or other
da ta , is not to be regarded by implication or otherwise as in any manner licen-
sing the holder or any other person or corpora tion, or conveying any rights or
permission to manufacture, use, or sell any patented invention that may in any
way be related thereto.

This report has been reviewed by the Information Office (01) and is releasabl e
to the National Technical Information Service (NTIS). At NTIS, it will be avail-
able to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

W. M. SCARDINO (AFML/MXE )
Project Engineer

FOR THE CONJ4ANDER

ALBERT OLEVITCH , Chief
Non-Metals Engineering Branch
Systems Support Division

Copi.s of this report should not be returned unless return is required by se-
curity considerations, contractual obligations, or notice on a specific document.
AIR FORCC/567$0/24 May 197S — 350

~~~~~~~~~ ~~~~~~~~~~~ --



-•
~~~~~~~~~~~~~~~~~

Unclassified
SECURITY $$IFICATIOM OF THIS PAGE (IThan Dale En*.r.d)

• 
....-.... I I DEBADT WIIUEIJYATIAkI DA~E 

READ IN STRUCTION S
I “ ‘J” U ~~~~~~~~~~~ U~~U ~~ I ~~~~~~ BEFORE COMPLETING FORM• ( 

~ 
REP 2. GOVT ACC ESSION NO. 3. RECIPI S CATALOG NUMBER

~~~~~~~ t~~L R-78-7 q
~ TITLE fond Subti ti.) 5. TYPE J5~ . ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~(~

(
~ ~~~~~~~~~~ 

, d  Adhesive Evaluation 
~~~~~~~~~~~~~~ $17 ç?~

j~ PERFORMING ORG. REPORT NUUBEPF~~~ ~~~~~~~~~~~~~~~~~

c~ 
_AUTHOR(.) . ONTRACT OR GRANT NUMBER(.)

M. C./Locke, R. E./HortonfJ. E/McCarty

9. PERFORMING ORGANIZATION NAME AND ADDRESS tO. PROGRAM ELEMEN7~ PROJECT . TASK
A R EA & W O R K  UMPERSBoeing Commercial Airplane Company~’ Proi~c.t/~~~ )677 AFMLP.O. Box 3707

Seattle, Washington 98124 I , 
~~~~
.

II. CONTROLLING OFFICE NAME AND ADDRESS / I~~.

Air Force Materials Laboratory ~‘ Ja *78
Air Force Systems Command 3. EROF PAGES
Wright-Patterson AFB , Ohio 45433 98

14. MONITORING AGENCY NAME & ADDRESS(II dill .,.ni from Controlling 01ff C.) IS. SECURITY CLASS. (of thia r.port)

Unclassified
IS.. DECLASSIFICATION/DOWNGRADING

SCHEDULE

IS. DISTR IBUTION STATEMENT (.1 *?ti. R.port)

Approved for public release ; distribution unhimi a

17. olsrRFeuTI0N STATEMENT (of The ab.tract .nt.r.d In Block 20. II dhV.r.nt from Report)

It. SUPPLEMENTARY NOTES

IS. KEY WORD S (Conlinu. on rover.. aid. if n.c.aaary ond ld.ntily by block number)

Adhesive Bonding Non-Tank Anodize
Surface Preparation Repair

( Phosphoric Acid Wedge Test

20.
, 

ABSTRACT (Continu. on r.v.ra. aid. If n.c...aI ~. ond id.ntity by block numb.r)

~rhis report covers Task I of a two-task follow-on program to investigate
phosphoric acid non-tank anodize process optimization and evaluation of
adhesive/surface preparation combinations. Work completed In Task I included
investigating non-tank anodizing process variabl es of voltage, time, tempera-
ture, and rinse delay. Other parameters studied included the effect of ano-

F dizing over titanium and aluminum fasteners, battery anodizing , anodizing

DD 1 JAN 73 1473 EDITION OF 1 NOV 65 IS OBSOLETE Unclassified

~?~/ ~/ 
/ (J~

-
~ SECURITY CLASSIFICATION OF THIS PAGE (Pman Data Enror.d)

78 07 13 034
— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~ —; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —

• Unclassified
SECURITY CLASSIFICATION OF YNIS PAQ((WIum Data Kn1.r ~~~

20. (Continued)
1mode, and identification of common errors occurring in non-tank anodizing.

Following the anodizing variabl es investigation , bond verification tçsts were
conducted to assess bondability of representative RT, 250P1, and 3501 cure
adhesive systems. This work will serve as a basis for selecting the phosphoric
acid non-tank anodize process parameter/conditions for Task II.

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(Wli.n Data Int.r.d)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _



r - 

~~

- ---

~~~~

-— -,., -- .- —_ — . -. —-. - -

~~~

---- - -

~~

FOREWORD

This interim report sumarizes the work accomplished In Task I, an

“add-on ” to Contract F33615-73-C-5l7I , “Adhesive Bonded Aerospace Stan-

dardiied Repair Handbook,” by the Boeing Commercial Airplane Company , P. 0.

Box 3707, Seattle, Washington .

Other phases of this contract have been reported as follows: Phase I
l~ ~~~~~~

report was a limited distribution document; Phase II -- AFML—TR-75-158;
/

Phase III -- AFML-TR-76-65; Phase IV -- AFML-TR-76—201/AFFDL-TR-76-131;
Completed Repair Handbook -- AFML-TR-77-206/AFFDL-TR-77-l39.

The work was accomplished under the sponsorship of the Air Force

Materials Laboratory (Project 7381/Task 06). Mr. W. Scardino, AFML/MXE,

was the project engineer.

Mr. J. E. McCarty was the Boeing program manager , with R. E. Horton as

project engineer. Mr. M. C. Locke was the principal Investigator for the

:1 add-on program.

The authors wish to acknowledge the efforts of Mr. F. E. Coverson for

the fabrication and testing work , and Mr. E. A. Ledbury and Mr. J. A.

Curtis for the SEM analysis.

SOC kff $sdlss 
~UIIANNOIJNcE, 0

JU$TIFICATIOL._ ....~~~~~•~ 

IT 
O!S s~fTloP/AVA I~A~fLiTT cOOU

~t. A VAIL ati A/~ VECIAL

A ! _

itt

L. 
~~~~~~~~~~,--,. •~~~~~~~~~~ • ~-——. —— -



- - -
~~~~~~~~—~~~- ~~~~~~~~~~~~~~ 

CONTENTS

1.0 INTRODUCTION AND SUMMARY • 1

2.0 PHOSPHORIC ACID NON-TANK ANODIZE (PANTA) PROCESS VARIABLES

INVESTIGATION 4

2.1 Effect of Voltage Variation 5

2.2 Effect of Anodizing Temperature 8

2.3 Effect of Anodizing Time 10

2.4 Effect of Rinse Delay 12

2.5 Effect of Part Size 14

2.6 Anodizing Modes 15

2.7 Dry Cell Battery Anodizing 16

2.8 Anodizing on Titanium and Aluminum Fasteners 17

2.9 Common Errors in the Application of PANTA 18

3.0 BOND VERIFICATION TESTS 20

3.1 Process Parameters Selection 20

3.2 Test Matrix and Fabrication 20

3.3 Bond Verification Test Results 21

3.3.1 250°F Cure Adhesive Systems 22

3.3.2 350°F Cure Adhesive System 24

3.3.3 Room-Temperature Adhesive 25

4.0 CONCLUSIONS 26

4.1 Process Variables Investigation 26

4.2 Bond Verification Tests 26

5.0 TASK II FOLLOW-ON PLANS 27

iv

• - . . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ •~~~~~~~ • ~~~~~~~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--

~
— - - -

~~~~
- -—--

~~~~~~
- - •

I LLUSTRAT IONS

1 Add-On Program Tasks  30

2 Program Schedule 31

3 Phosphoric Acid Non-Tank Anodize Processing Steps 32

4 Effect of Voltage Variation versus Current Density . . .  33

5 Typical Processing Sequence 34

6 Wedge Test Specimens -- Exposed for 30 Days,

120°F/lOO% RH 35

7 Typical SEM Specimen Mounted on Viewing Stub 36

8 SEN Specimen Viewing Direction 36

9 SEN Photomicrograph of Oxide 37

• 10 SEN Photomicrograph of Oxide as a Function of Voltage --

7O75-T6 Bare 38

11 SEM Photomicrograph of Oxide as a Function of Voltage --

2024-T3 Clad 39

12 Oxide Thickness versus Vol tage Variation 40

13 Effect of Temperature -- Vol tage Variation versus Current

Density 41

14 Wedge Test Specimens Anodized at 100°F and 40°F -- Exposed

for 30 Days, 120°F/lO0% RH 42

15 SEN Photomicrograph -- Anodized at 100°F --

7075-T6 Bare 43

16 SEM Photomicrograph -- Anodized at 100°F --

2O24-T3 Clad 44

V

~~__ _ _ __•~~~s -~~~_ ~•_  •., 



- -__~~~ _-
~~~~~~~~~~~~

-—-.
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____ ____ — --

ILLUSTRATIONS (Continued)

17 SEM Photomicrograph -- Anodized at 40°F -- 7075-16 Bare .  45

18 SEM Photomicrograph -- Anodized at 40°F -- 2024—13 Clad .  46

19 Effect of Anodize Time -- Wedge Test Specimens Exposed

for 30 Days, 120°F/100% RH 47

20 SEM Photomicrograph -- Anodize Time Variation --

7075-16 Bare 48

-
• 21 SEM Photomicrograph -- Anodize Time Variation --

2024—T3 Clad 49

22 Effect of Rinse Delay Time -- Wedge Test Specimens Exposed

for 30 Days, 120°F/l00% RH 50

23 SEM Photomicrograph of Rinse Delay Time -- 7075-16 Bare .  51

24 SEM Photomicrograph of Rinse Delay Time -- 2024-13 Clad .  52

:1 25 Setup for Anodizing 2- x 2-ft Panel 53

26 Panel Layout for Wedge Specimens 54

27 Effect of Part Size -- Wedge Test Specimens Exposed for

30 Days, 120°F/100% RH 55

28 Anodizing Mode Setup 56

29 Effect of Anodizing Modes -- Wedge Test Specimens Exposed
for 30 Days, l20°F/lOO% RH 57

30 Battery Anodizing Setup 58

31 Battery Anodizing -- Wedge Test Specimens Exposed for

30 Days, 1 20°F/l 00% RH 59

vi 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •- -.•~ • - --



ILLUSTRATIONS (Continued)

32 Fastener Specimen . ..  60

33 Fastener Specimen -- Control versus Salt Spray Exposure   61

34 Salt Spray Exposure -- Fasteners Removed 62

35 Fastener Specimens -- 0.020-inch Skin Peeled After Salt

Spray Exposure 63

36 Anodizing Setup Showing Effect of Reversing Polarity .   64

37 Screen Contacting Al uminum 65

38 Anodizing Showing . Effect of Inadequate Acid Paste 65

39 ExcessIve Voltage Potential 66

40 Specimen Configurations 67

41 Specimen Bond Surfaces -- FM 73, 7075-16 Bare 
- 
68

42 Specimen Bond Surfaces -- FM 73, 202443 Clad 69

43 Specimen Bond Surfaces —- AF 127-3, 7075-16 Bare 70

44 Specimen Bond Surfaces -- AF 127-3, 2024—13 Clad 71

45 Specimen Bond Surfaces - - EA 9601, 7075-16 Bare 12

46 Specimen Bond Surfaces —- EA 9601, 2024-T3 Clad 73

47 Specimen Bond Surfaces -- AF 130, 7075-T6 Bare 74

48 Specimen Bond Surfaces -- AF 130, 2024-13 Clad 75

49 Specimen Bond Surfaces -- EA 9.320, 7075-T6 Bare 76

50 Specimen Bond Surfaces -- EA 9320, 2024-13 Clad 77

v j j  

- - --.... -‘ .--.-—-- ---..——- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r -

~~~~~ 

T~~~~

TABLES

1 Effect of Voltage Variation 78

2 Voltage Variation Wedge Test Summary 79

3 Effect of Anodize Temperature 80

4 Anodize Temperature Wedge Test Summary 81

5 Effect of Anodizing Time 82

6 Anodizing Time Wedge Test Summary 83

7 Effect of Rinse Delay 84

8 Rinse Delay Time Wedge Test Summary 85

9 Effect of Part Size 86

10 Wedge Test Summary of Large (24- x 24-inch) Panel 87

11 Effect of Anodizing Mode 88

12 Anodizing Mode Wedge Test Summary 89

13 Battery Anodizing Screening and Wedge Test Summary . . .  90

14 Common Errors and Corrective Action 91

15 Test Matrix for Bond Verification Tests 92

16 Bond Verification Tests Summary -- FM 73 93

17 Bond Verification Tests Summary -- AF 127—3 94

18 Bond Verification Tests Summary -- EA 9601 . 
- 95

19 Bond Verification Tests Summary -- AF-130 96

20 Bond Verification Tests Summary -- EA 9320 97

21 Summary of Phosphoric Acid Non-Tank Anodize Process . . .  98

viij

• —-—-----.----—---——___~~~a_ - • - —----S- -~~~ - ai.a ~~~~~~~~~ _~ -



1.0 INTRODUCTION AND SUMMARY

It became apparent during Phase II of the Repair Handbook contract

that additional investigation was required to optimize the phosphoric acid

non-tank anodize (PANTA) process. Excellent results had been obtained

using this surface preparation method. The size and scope of the effort,

however, did not allow sufficient investigation to establish processing

parameter limits relative to anodizing potential , time, and temperature.

Investigation of these processing parameters and related variables was

required In order to bring this surface treatment method to the operational

level for repair applications.

In addition to devel opment of the non-tank anodize process in Phase

11 , an Investigation was conducted to evaluate a large number of repair

adhesives and cleaning methods for possibl e repair application. This work

was of a cursory nature because of the large number of variables invol ved.

This work needed to be expanded in selected areas. This included further

evaluation of prime candidate adhesive systems and surface preparation

methods, bond strength, and bond durability data. This additional inves-

tigative work Is being accomplished in this program. The additional data

and information will facilitate the repair process and form a data base for

material selection and repair design.
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• The current add-on program consists of two major tasks as shown In

figure 1. Task I is aimed at process parameter investigation and optimi-

zation on the phosphoric acid non-tank anodize (PANTA) procedure. It also

includes bond verification tests. Task II is focused on an evaluation of

adhesive/surface preparation combinations, including vacuum bag bonding

under reduced temperature and pressure conditions. The two-task add-on

program is being performed over a 19-month period . The tasks and program

schedule are shown in figure 2. The Task I program has been completed and

the results are presented in this report.

The work accomplished in this task consisted of the following:

o Phosphoric acid non-tank anodize (PANTA) process variables inves-

tigation

- Determination of the effects of anodize potential , temper-

ature, and time

- Determination of the effects of rinse delay, part size, and

anodizing modes (e.g., vertical , horizontal , etc.)

- Evaluation of anodizing clad versus bare alloy

- Anodizing with batteries

— Effect of anodizing over fasteners

- Identification of comon errors in the appl ication of PANTA

- Oxide thickness characterization with the scanning electron

microscope (SEM)

a Bond verification tests

- Bond strength and durability

- Verification of PANTA process variable limi ts

2
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Test results have shown that the phosphoric acid non-tank anodize

process can be satisfactorily effected under a wide variety of conditions.

Satisfactory results were obtained when process parameters were varied

within practical ranges to simulate repair conditions. This Included

variations in voltage from 2 to 10 volts; anodizing temperature from 40 to

100°F; anodizing time from 5 to 20 mInutes; and rinse delay up to 10 min-

utes. We noted, however, that it is more difficult to obtain a consistent,

uniform anodized surface when anodizing in the vertical mode or underside

in the horizontal mode.

The work accomplished during this Task I period is discussed in detail

In the following sections.

3
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2.0 PHOSPHORIC ACID NON-TANK ANODIZE (PANTA)

PROCESS VAR IABLES INVESTIGATION

This part of the program was aimed at an investigation of the process

variables affecting the phosphoric acid non-tank anodize procedure. The

objective was to evaluate the effects of the various processing parameters

on bondabllity. Bondability was assessed using the wedge crack extension

test. In addition , prior to bonding into wedge test assemblies, the ano-

dized surfaces were inspected for color , tape tested with 3M Company No.

250 tape, and a strip (1/8-inch wide) removed for later SEN examination .

The following process parameters were selected for this investigation

(Task I, Part A):

o Effect of voltage variation

o Effect of anodizing temperature

o Effect of anodizing time

o Effect of rinse delay

o Effect of part size

o Anodizing modes

o Dry cel l battery anodizing

a Effect of anodizing over titanium and aluminum fasteners

o Identify common errors in the application of PANTA

Following the processing parameters investigation , bond verification

tests were conducted using selected surface preparation conditions based on

Part A results. In bonding verification tests, both 2024-T3 clad and 7075-

T6 bare aluminum adherends were used. Adhesive systems evaluated Included

room-temperature, 250°F, and 350°F cure materials.

4
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2.1 EFFECT OF VOLTAGE VARIATION

• This task was aimed at investigating the effect of anodizing potential

or voltage variation on the phosphoric acid non-tank anodize process rela-

tive to bondability and oxide thickness. Anodizing was carried out at 1 ,

2, 4 (baseline), 6, and 10 volts on both 7075-T6 bare and 2024-T3 clad

aluminum at ambient room-temperature (70-75°F) conditions. For all tests,

a gelled phosphoric acid (10- 12% concentratIon) from Products Research was

used. Basic procedures established during Phase II of the Repair Handbook

contract were followed (ref. 1). The basic processing steps are shown in

figure 3.

Two 6- x 6- x 1/8-inch panel s were anodized at one time. Current

density measurements were taken and recorded. The anodized surface was

inspected for interference color and tape tested on one end using 3M Corn-

pany No. 250 tape. The presence of interference color and positive tape

test generally indicate the bondability of the treated surface. Positive

tape test was indicated by adhesive pulling from the tape and adhering to

the anodized surface.

The panels then were primed with BR 127 ClAP primer and cured. A

strip approximately 1/8-inch wide was cut from each panel for scanning

electron microscope (SEM) examination of oxide thickness and oxide char-

acteristics.

Table 1 com~,ares the effect of voltage variation on 7075-T6 bare and

2024-T3 clad alloys. Shown in this tabl e are the current density measure-

ments as voltage is varied , resul ts of the tape test and color Inspection ,

and oxide thickness measurements from SEM photomicrographs.

5
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Current density measurements were taken during anodizing at the dif-

ferent selected voltages when two pieces of 6- x 6- x 1/8-inch wedge panel s

were anodized at one time. This setup was used so that one wedge assembly

was surface treated under Identical conditions. Thus, current density

values are shown for 0.5 sq ft. The data are plotted In figure 4, illus-

• trating the differences of the 7075-T6 bare as compared to the 2024-T3 clad

as a function of vol tage variation .

The panel s were bonded into wedge test assemblies using FM 73 adhesive .

Five wedge crack extension specimens were prepared from each assembly. The

specimens were exposed to 12O°F/95-lOO% condensing humidity condItions.

Crack l engths were measured. Failure modes, i.e., cohesive or adhesive

failure, were evaluated after 30 days. A flow chart of this sequence is

shown in figure 5. Wedge test results are shown in tabl e 2, and the cor-

responding failure surfaces are shown in figure 6.

Specimens (7075-16 bare) anodized at 1 volt failed after 4 hours

exposure. No failures were observed on all other specimens in this task

and no significant difference was found in the wedge test results. It is

interesting to note that the 1 volt, 7075-16 bare panel s also failed the

tape tests, although they showed positive color. This agrees with our

experience that positive color is a necessary indicator on a good bonding

surface; however, it may appear on an unsatisfactory surface as well.

6 
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SEM Analysis of Oxide -- Vol tage Variation

A scanning electron microprobe (Model 131000-32 SEM Quantometer) was

used to investigate the oxide layer thickness and oxide characteristics as

a function of voltage variation on 7075-T6 bare and 2024-T3 clad aluminum.

The 1/8-inch—wide aluminum strips were bent around 180° until fractured.

The fractured halves were mounted on an SEN specimen stub using conductive

cement, then coated with a layer of gold as shown in figure 7. Photomicro-

graphs of the oxide cross-section were taken at varying magnification

level s (500X to 20,000X). Figure 8 shows a typical specimen and viewing

direction.

Oxide thickness measurements were taken from the 20,000X photomicro-

graphs. Figure 9 shows typical views of the 7075-T6 bare and 2024-13 clad

anodized at 10 volts. The CLAP primer coating , oxide, and base metal can

be observed rather easily. Figures 10 and 11 show the effects of anodizing

under different vol tages (from 1 to 10) on the oxide thickness and appear-

ance on 7075-16 bare and 2024-T3 clad. Little oxide formation is noted at

1 volt. Oxide buildup is increased at 2 volts, but is still quite nonun i-

form until 4 volts. From 4 to 10 volts , oxide thickness is increased and

rather uniform. Figure 12 is a plot of the measured oxide thickness from

the photomicrographs, and plotted versus voltage variation. The values for

the 1- and 2-volt conditions were from measurements on the 2024-T3 clad

surfaces. Inadequate resolutions were obtained on the 7075-16 bare surface

at these voltage levels , and oxide appearance suggests nonuniform or thin

oxide formation.

7
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2.2 EFFECT OF ANODIZING TEMPERATURE

The purpose of this task was to investigate the effects of anodizing

at temperatures other than ambient room-temperature conditions (70-75°F).

Two temperature extremes (100°F and 40°F) were selected as conditions that

may be encountered in actual repair situations. Anodizing procedures used

were similar to those in the vol tage variation study. Substrates were

heated with heating blankets for the 100°F anodizing condition and cooled

with dry ice for the 40°F condition.

Figure 13 illustrates the effect of anodizing on the current density

as a function of voltage at the temperature extremes. Tables 3 and 4 show

the results of the tape test, color inspection , and wedge test.

Processing at 100°F presented probl ems related to applying the gelled

acid and setup for anodizing . Upon coating the aluminum wi th gel led acid ,

the etching reactIon was rapidly taking place and there was drying out of

the gelled acid. Due to the high current density when anodizing at 4

volts , additional panel s were anodized at 2 volts and 1 volt. These latter

surfaces provided negative tape test and color inspection results . These

wedge specimens also failed within 4 hours exposure to 120°F/lOO% RH, which

correlates to the tape and color inspection results.

8

_  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r •~~~~~, .  

— 

. L 1 ~~~~~~T’~~ ~~~~~ ~~~~~~~~~~~ 
- - •

Anodizing at 40-45°F shows a lowering of current density as compared

to the 100°F conditIon (fig. 13) or the ambient room-temperature condition

(fig. 4). We noted that the surfaces anodized at 2 volts showed negative

color inspection results and only slightly positive tape test results. The

wedge test results showed failures only on the 2024-T3 clad specimens, as

• illustrated in table 4. Sporadic failures can be seen in the 2-, 4-, and

10-volt anodized clad specimens. Figure 14 shows the disassembled wedge

specimens after 30 days exposure. The failure modes correlate well to the

crack growth. That is, long crack length showed adhesive—type failure at

the metal-primer interface, while short crack growth gave cohesive failure

at the center of the bondline .

SEM Analysis of Oxide -- Temperature Variation

As in the previous task, SEM photomicrographs were taken of anodized

surface cross-sections. An attempt was made to correlate the wedge test

results with the SEM surface. As shown in figure 15, little oxide forma-

tion was observed for 7075-16 bare adherends anodized at 1 and 2 volts at

100°F. These also showed wedge test failures. Similar characteristics

were evident on the 2024-T3 clad specimens shown in figure 16. More oxide

formation can be seen on both bare and clad specimens anodized at 4 volts,

as shown In figures 15 and 16. These surfaces produced acceptable wedge

test results except in one specimen in the 7075—16 bare group. No plausi-

ble explanation could be advanced for this, other than that all specimens

in the 7075-T6 bare group had moderate crack growth after 30 days exposure.

This points out a problem when attempting to anodize substrates at hi gh

temperatures.

9 
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For the 40°F condItions~, anodizing was carried out at 2, 4, and 10

vol ts. Figures 17 and 18 show the SEN photomicrographs of oxide cross-

sections. Here again , the oxide buildup increases as voltage is increased

from 2 to 10 volts. We note from tabl e 4 that the 2024-T3 clad specimens

showed sporadic failures . No failures ~ere observed on the 7075-T6 sped -

mens. The SEM photomlcrographs do not show oxide characteristic differ-

ences to account for the different wedge test results on bare versus clad .

2.3 EFFECT OF ANODIZING TIME

This task was aimed at determining the effect of anodizing time other

than the basel ine (10 minutes). Anodizing procedures similar to earlier

tasks were followed except that t.e times were varied from 1 to 20 ninutes.

The applied voltage was held constant at 4 volts. Time intervals of 1 , 5,

15, and 20 minutes were selected to evaluate bondabitity. These times

represent the low and high variations from the baseline.

Tabl e 5 shows the tape test and color inspection results, oxide thick- :1
ness measurements, and current density measurements as a function of ano-

dizing time. Negative tape test and color ~nspection results were obtained

on parts anodized for 1 minute. This correlates to the wedge test results

shown in tabl e 6. All specimens anodized for 1 minute failed in 1 hour

during exposure to 120°F/lOO% RH. Sporadic failures occurred on the 5-

minute anociized , 2024-13 clad specimens. These failures were not unex-

pected. The short time (1 to 5 minutes) does not allow the formation of a

stable porous oxide. As noted by other investigators (ref. 2), initial

• oxide formation results in a barrier layer. Subsequently, formation of the

porous oxide film takes pl ace.
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Wedge failure surfaces are shown in figure 19. Complete adhesive

failure mode is obvious on the 1-minute specimens. Other specimens showed

cohesive failure modes, indicating good bondability , except those sporadic

failures noted above. The longer anodizing times (15 and 20 minutes)

showed no measurable change as compared to those anodized for 10 minutes or

basel ine condition (table 2).

SEM Analysis of Oxide —- Anodizing Time Variations

Figures 20 and 21 show the SEM photomicrographs of oxide cross-sec-

tions on the bare and clad al loys anodized at 4 volts for 1 , 5, 15, and 20

minutes. These times represent low and high durations as compared to the

baseline (10 minutes) condition. Oxide buildup as anodizing time is in-

creased is quite apparent. It can be seen that specimens anodized for 1

mi nute showed comparatively thi n , sparsely formed oxide layers as compared

to those formed at 15 or 20 minutes , or the basel i ne 10-minute case (see

figs. 10 and 11). These surfaces resulted in wedge test bond failures

within 4 hours during exposure to 120°F/lOO% RH. Except for sporadic

failures occurring in three 2024-T3 clad specimens anodized for 5 minutes ,

no other wedge test failures were encountered.

The data suggest that anodizing should be for longer than 5 minutes ,

and no observable difference can be shown for 10 to 20 minutes.

11 
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2.4 EFFECT OF RINSE DELAY

This task was to establish the time limit between the anodizing cycle

and the rinsing cycle. It has been shown (ref. 2) that phosphoric acid

will dissolve the aluminum oxide formed if the acid is left on the surface

for long time periods after the current is turned off. Rinse delay times

of 2, 5, and 10 minutes were selected. Anodizing procedures were similar

to earlier tasks, except that rinsing does not commence until the selected

time lag period .

Table 7 shows the tape test and color inspection data. The tape test

and color inspection results progressively degraded as the rinse delay time

was lengthened. In comparing these results with the wedge test data shown

in table 8, however, only the 7075-T6 bare specimens with 10 minutes rinse

delay showed sporadic failures. No other failures were observed.

Figure 22 shows the wedge specimen bonded surfaces after 30 days

exposure to l20°F/100% RH. Nearly 100% cohesive failure modes can be seen

on all specimens except for the 10-minute delay 7075-T6 bare specimen . The

latter showed a 100% adhesive failure mode resulting from improper surface

preparation. In this case, the long delay of rinse time had contributed to

a poor bond surface.

12
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SEN Analysis of Oxide -- Rinse Delay Times

As in earlier tasks, the SEN examination was made on fractured cross-

sections of primed, anodized surfaces wi th rinse delay times of 2, 5, and

10 minutes. As shown in figures 23 and 24 for 7O75-T6 bare and 2024-13

clad , respectively, oxide dissolution is apparent for the 10-minute rinse

delay surfaces as compared to the 2-minute delay or no delay cases (see

figs. 10 and 11). In fact, for 7075-16 bare, practically no oxide to

sparsely scattered oxide is noted. This condition also resulted in adhe-

sive failure modes and long crack growth in the wedge tests (table 8).

The oxide dissolution due to the rinse del ay is less significant on

the 2024-13 clad alloy , although here too we noted an appearance of loosen-

ing of the oxide from the base metal for the 10-minute rinse delay. In

addition , when comparing the no delay case (figs. 10 and 11) and the 2- to

10-minute delay cases, the gradual decrease in the oxide density or uni-

formity is obvious.

13 
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2.5 EFFECT OF PART SIZE

The objective of this task was to evaluate the effects of anodizing

al uminum adherends for large-area repairs. Earlier work had focused on

panel s ranging from 6- x 6-inch to 14- by 17-inch wedge and metal-metal

peel assemblies. In the current effort, two panels, 24 x 24 inches, were -
•

anodized . Electrical contacts were arranged on the four corners of the

panel s and stainless steel screen, as shown in figure 25.

Current density measurements were taken and the electrical contacts

removed one at a time at selected intervals (i.e., 2-3 minutes). The cur-

rent density was 1.45, 1.4, 1 ,3, and 1.2 amps/sq ft for 4, 3, 2, and 1

contacts, respectively. All areas checked showed positive tape test and

color inspection results as summari zed in table 9.

The anodized panel s (two 24- x 24-inch pieces) were bonded wi th FM 73/

BR 127 adhesive/primer system. Nine wedge panels (45 specimens) were cut

from selected areas representative of the anodizing contact areas or areas

various distances away from the contacts. Figure 26 illustrates the speci-

men cutting diagram and panel l ocation.

Wedge crack extension data are shown in tabl e 10 after exposure to

l 20°F/lOO% RH. No significant difference was observed in the results.

This suggests that adherends as large as 24 x 24 inches can be anodized

using as few as one electrical contact. The wedge specimen bonded surfaces

after exposure are shown in figure 27. All specimens shown had 100% cohe-

sive failure when the wedge specimens were disassembled after 30 days

exposure.

14
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2.6 EFFECT OF ANODIZING MODES

This task was aimed at evaluating the effects of anodizing surfaces in

the vertical or horizontal (both surfaces) positions. Al uminum adherends

were anodized in simulated vertical position and horizontal modes as shown

in figure 28. Various methods of securing the gelled acid saturated gauze

and stainless steel screen were investigated . For vertical surfaces,

methods of taping down the top and bottom edge, top edge and two sides, and

top edge only were tried.

On horizontal surfaces, anodizing both top and bottom and bottom sur-

faces only was evaluated . Some difficul ty was experienced in both the

horizontal and the vertica l cases. It was found that it was necessary to

apply some pressure to the screen in order the keep the gauze/paste acid in

contact with the aluminum. Tabl e 11 summarizes the anodizing mode study,

tape test, and color inspection results.

Visual observation indicated nonuniform areas in some cases when ano-

dizing in the vertical mode or horizontal bottom surface. The wedge test

data in table 12 show sporadic failures. These failures occurred in the

horizontal mode, bottom surfaces, and vertical mode where the top edge and

two sides were taped. In the latter case, it is postulated that this

taping technique resulted in the screen/gauze pulling away from the alum- - •

i num.

Wedge test specimens after 30 days exposure to 120°F/l00% RH were

disassembled and failure modes examined . These are shown in fIgure 29.

Complete adhesive failure modes are obvious on the large crack growth

spec imens.

15
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2.7 DRY CELL BATTERY ANODIZIN (

The purpose of this task was to determine the feasibility of using dry

cel l batteries as the power source for anodizing. This procedure would be

useful in preparing surfaces for repairs under remote field conditions .

The investigation was carried out on wedge panels using 2-, 4-, 6-, and 12-

volt batteries. Anodizing procedures used in earlier tasks were followed .

• Figure 30 shows the test setup for battery anodizing. Tape test and color

inspection results and the current density and voltage data are shown in

tabl e 13.

Except for the 2-volt case in which two 1.35-volt batteries were used ,

all others were single , off-the—shel f batteries. As shown in table 13 ,

negative tape test and color inspection results were obtained in the 2- and

4—vol t cases, while positive results were obtained on the 6- and 12-volt

anodized surfaces.

Corresponding wedge test results are summarized in table 13. No

panel s were bonded on the 2-volt anodized surfaces. Both 4-volt anodized

assemblies showed failure within 1 hour of 120°F/100% RH exposure. Satis-

factory wedge test results were obtained on the 6- and 12-volt anodized

specimens. It is postulated that the 4-volt battery did not provide ade-~
quate power (only about 0.5 amp/.5 sq ft) for the anodizing time duration to

develop the proper oxide surface.

Figure 31 illustrates the fail’~j’-e surfaces on the battery anodized

specimens after 30—day exposures. Complete adhesive failure on the 4-volt

specimen is rather obvious. Nearly 100% cohesive failure is seen on the 6-

and 12-volt specimens.
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Based on the wedge test results, It Is concluded that anodizing can be

acconipished using a 6- or 12-volt battery when making repairs at remote

sites. It must be pointed out that the batteries must provide the required

sustaining current capacity during anodizing. In this regard, it is postu-

lated that a 4-volt battery might be adequate if it had the required cur-

rent capacity.

2.8 ANODIZING ON TITANIUM AND ALUMINUM FASTENERS

This task was aimed at evaluating the effects of anodizing over fas-

teners (titanium and aluminum). Adhesive bonded metal laminates were

fabricated as shown in flaure 32. Four titanium 1/4-inch Hi-Lok fasteners

and six 1/4-inch aluminum rivets were installed in the specimens. The

bonded specimens were topcoatecl with BR 127 ClAP primer prior to fastener

installation.

• Following fastener installation , one— half of each specimen was abrad-

ed, non-tank anodized , rinsed, dried , reprimed wi th BR 127, and baked. The

anodized area was checked for acid contamination with litmus paper during

rinsing. With this specimen configuration, no probl ems were encountered

when attempting to rinse off the gelled phosphoric acid.

Figure 33 shows the specimens after 14 and 30 days salt spray expo-

sure. No signifi cant changes were observed on the non-tank anodized area

versus the untreated, control area. Closer examination of the countersunk

area showed no significant difference in the corrosion characteristics, as

illustrated in figu e 34.

17
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Following these examinations , the 0.020-inch skin of each specimen was

peeled. No significant difference was found in the results. The control

half and treated half showed peel strength of 111 lb-ln./2.l-inch width on

• one specimen and 111 and 105 lb-in./2 .l-inch width on the other specimen.

Failure modes were 100% cohesive with no corrosion in the bondline/fastener

hole areas. This is shown in figure 35.

2.9 COMMON ERRORS IN THE APPLICATION OF PANTA

In this task, attempts were made to identify common recurring errors

in the application of the PANTA process. Incorrect processing procedures

were tried in the laboratory and observable effects noted. Corrective

actions were proposed and evaluated . Four typical situations were identi-

fied as hi gh probability for frequency of errors occurring. These were:

o Reversed l eads

o Stainless steel screen contacting aluminum

o Inadequate gelled phosphoric acid

o High voltage

Table 14 presents a summary of the observable results and applicable

corrective actions. Comments on the tests and results are as follows:

o Reversed Leads

The positive (÷) terminal was connected to the screen and the

negative (-) terminal to the aluminum. The obvious reaction

observable was on the screen surface. The surface showed no

interference color and failed the tape test. Figure 36 shows the

effect of this mistake and the correct procedure.

18
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o Screen Contacti ng Al um i num

This situation is typically caused by not extending the gauze

beyond the screen periphery , or insufficient separation between

the screen and the aluminum. In the case where the stainl ess

steel screen (cathode) was in contact with the aluminum while

anodizing , a surge In current density was noted. Burned spots

were also evident . This effect is seen in figure 37.

o Inadequate Gelled Acid

Figure 38 compares the resul ts of anodizing when an inadequate

amount of gelled acid was applied to the properly anodized sur-

face. It should be pointed out that the gauze should be satur-

ated with the gel led phosphoric acid. It is also important to

reapply additional gel l ed acid during anodizing to replenish the

acid consumed .

o High Voltage

In this instance, higher vol tage (greater than 10 volts) than the

baseline 6 volts was applied . The resul ts showed vigorous

reaction with high (over 10 amps/sq ft) current density measure-

ment. Proper anodizing potential (4-6 volts) showed current

density of 1—7 amps/sq ft. Figure 39 illustrates this situation .

19
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3.0 VERIFICATION BONDING TEST

3.1 PROCESS PARAMETERS SELECTION

Based on the results of the wedge tests and SEM analysis , phosphoric

acid non-tank anodize conditions were selected for preparing aluminum

adherends. The purpose of this task was to demonstrate process verifica-

tion of the phosphoric acid non-tank anodize procedures. The following

conditions were selected for application :

o Voltage : 6 volts

o Time : 10 minutes

o Temperature: 70-75°F

o Rinse delay: No delay ~r less than 1 minute

o Gelled phosphoric acid PR-5O from Products Research

(10-12% concentration)

3.2 TEST MATRIX AND FABRICATION

Table 15 illustrates the test matrix selected for bond verification

evaluation. Adhesive systems were selected to be representative of room-

temperature cure, 250°F cure, and 350°F cure categories that are being used

in repair applications. Tests were selected to provide data on bond

strength (e.g., lap shear), bond durability (sustained stressed lap shear),

and compatibility (wedge and metal-metal peel). The comparative perfor-

mance on clad versus bare aluminum adherends was evaluated .

20
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Panels were fabricated using the adhesive/primer systems shown in

table 15. Following the anodizing process, panels were primed and baked.

Panel curing was completed In an autoclave for 250°F and 350°F cure sys-

tems. For 2~’”’ cure adhesive systems, the cure cycle was 90 minutes at

250°F under 50 psi pressure. For the 350°F cure system, cure cycle was 60

minutes at 350°F under 50 psi pressure. Room-temperature cure bonds were

• made under vacuum bag pressure (approximately 10-12 psi) and cured for 7

days.

Following cure, panels were machined into lap shear, wedge, and metal-

metal peel test specimens as shown in figure 40. Environmental exposure

included 14 days salt spray (5% NaCl , 95°F) for the metal-metal peel test,

120°F/lOO% RH for 30 days for the wedge test, and 60 days or time to fail-

ure at l20°F/l00% RH for the 1200-psi and 600-psi sustained stress lap

shear tests. -

3.3 BOND VERIFICATtON TEST RESULTS

Bond verification test results are discussed in this sectIon in the

following sequence:

0 250°F cure adhesive systems

- FM 73/BR 127

— AF 127—3/BR 127

- EA 9601/BR 127

o 350°F cure adhesive systems

— AF 1 30/EC 2333

0 Room-temperature cure adhesive system

- EA 9320/BR 127

21
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3.3.1 250°F Cure Adhesive Systems

Three candidate adhesive systems were selected for the 250°F cure

category. FM 73 represents new-technology adhesives, while AF 127-3 and

EA 9601 represent systems currently in use at the ALC ’s (San Antonio and

Warner Robins). Tables 16, 17, and 18 present a summary of the three

adhesives evaluated . Corresponding typical specimen bonded surfaces after

the various tests are shown in figures 41 through 46.

FM 73/BR 127

Satisfactory results were obtained on this adhesive system in all

tests. As shown in table 16, no failures were encountered In the 60-day,

1203-psi sustained stress lap shear test at l20°F/lOO% RH exposure. Resid-

ual strengths were determined and compared to room-temperature control

tests. Approximately 5% strength reduction was obtained.

All results of the metal-metal peel tests were acceptable. No undev-

cut corrosion was observed on the 14-day salt spray exposure specimens.

Failure modes on these specimens were all cohesive, including the —67°F

test, as shown In figures 41 and 42.

Wedge crack extension results were comparable to tankl ine treated

data. There was very littl e (about 0.14 inch) crack growth after 30 days

exposure in 120°F/l00% RH conditions.

The data indicate that the FM 73/BR 127 system is compatibl e wi th

PANTA treated surfaces, and satisfactory bonds were obtained.

22 
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AF 127-3 /BR 127

Results obtained with this adhesive system were similar to those

obtained with the FM 73 material , except in two areas. Longer crack

growths (about 0.40 inch) were obtained on the AF 127-3. In addition ,

significantly lower -67°F metal-metal peel strengths were noted.

Test results are summarized in tabl e 17. Figures 43 and 44 show the

bonded surfaces after test. The adhesive failure mode on the -67 °F metal-

metal peel specimens is readily apparent. Based on the results of other

tests, however, no compatibility problem with the PANTA surface Is anti-

cipated .

EA 9601/BR 127

This adhesive system provided results similar to AF 127-3. Low -67°F

• metal-metal peel test resul ts were obtained . These values correspond to

the adhesive failure modes shown in figures 45 and 46. All other results

were considered satisfactory, as shown in tabl e 18.

The peel test values at -67°F are significantly affected by many

variables, including primer thickness , bake time , adhesive thickness, and

surface preparation. In this test program, however, BR 127 primer thick-

ness was controlled to approximately 0.2 mu with a bake cycle of 60 mm-

utes at 250°F prior to bonding. The l ower values obtained on AF 127-3 and

EA 9601 are attributed to the adhesive.
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3.3.2 350°F Cure Adhesive System

The AF 130/EC 2333 adhesive system was the 350°F cure candidate eval- 
-
~

uated on the PANTA surface. Test results are shown in table 19, and the

corresponding bonded surfaces after test are shown in figures 47 and 48.

The data reflect the inherent characteristics of this 350°F cure 
-

adhesive material: low fracture toughness or peel strength and excellent

environmental durability . The l atter is shown by the sustained stress lap

shear and crack extension wedge test results.

The room-temperature lap shear control test val ues were lower than

expected. Typical values of about 2500 psi have been obtained on FPL etch

surfaces. There is no plausibl e explanation at this time for this anomaly.

Additional tests will be conducted using this adhesive in Task II on dif—

ferent surface treatments. Comparison and correlation of these data will

be made to determine compatibility wi th the various surface treatments.

24
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3.3.3 Room-Temperature Cure Adhesive

The room~tenperature cure adhesive evaluated in this part was EA 9320.

Test results are shown In tabl e 20, and bond surfaces after test are given

in figures 49 and 50. The results were typical for room-temperatuure cure

adhesive materials in that there was significant strength reduction for the

• 180°F tests. Except for one specimen failure, all others survived the 60

• days sustained stress lap shear exposure. Residual strengths were obtained
— comparable to room-temperature controls.

The wedge test data indicate compatibility of the adhesive to BR 127

and the anodized surface. The crack extension after 30 days exposure was

moderate and typical of room-temperature cure adhesives. Cohesive failure

modes were observed, as shown in figures 49 and 50.

Satisfactory results were obtained on metal-metal peel tests at room-

temperature and after 14-day salt spray exposure. The -67°F peel values

were low. This is characteristic of this material. Typical supplier data

for —67°F peel test is about 6 lb-in./in.

25
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4.0 CONCLUSIONS

Specific conclusions relating to individual tasks have been presented

in sections 2.0 and 3.0 with test results. The following conclusions are

more general and summarize the overall results of the program.

4.1 PROCESS VARIABLE INVESTIGATION

Table 21 shows a summary of the variables and processing conditions

investigated . Based on the results of this investigation , recommended

processing l imits are given . It is concluded that the phosphoric acid non-

tank anodize (PANTA) process can be satisfactorily effected under varying

conditions. These include variation in voltage potential , temperature,

time, and rinse delay; over large parts (2- x 2-ft); vertical and horizon-

tal underside; over titanium and aluminum fasteners; and using dry cel l -:
batteries.

4.2 BOND VERIFICATION TESTS

Bond verification tests made wi th selected room-temperature, 250°F,

and 350°F cure adhesive systems showed no incompatibility in the mechanical

strength or durability exposure on non-tank anodized bonded Joints. The

optimum anodize conditions used (sec. 3.0) produced environmentally durable

bonds and reproducible surfaces.
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5.0 TASK II FOLLOW-ON PLANS

Work scheduled for Task II consists of evaluation of adhesive/surface

preparation combinations. A test plan will be prepared for Air Force

review and approval . The test matrix will consist of the following :

Surface Preparation

o Phosphoric acid non—tank anodize

o PasaJell 105 
-

o FPL etch (optimized) -- basel ine

Adhesive Systems

o 250°F cure -— AF 127—3, FM 73, EA 9628

o 350°F cure -- AF 130, FM 400, FM 300, AF 143
o RT cure -- EA 9320, EA 934

Tests

Lap shear , wedge, metal-metal peel , sustained stress lap shear, and

L/t lap shear (see figure 40)

Both autoclave and vacuum bag cures at reduced temperature and pres-

sure will be evaluated and compared with the 250°F and 350°F cure systems.

27

_ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5 _ - _ 
‘- _ ‘—5.- —~~-- - -

_ _ - ~~~ ‘ --‘-  



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ——
~~~~~~~~

-

~~~
—-

~~~~~~
—-—‘-‘—‘5’--- 

~~~

The candidates were selected to provide a spectrum of materials typi-

cal of those in use at the ALC S 5 and new technology systems. Surface

preparation methods represent two hand cleaning techniques and a tank pro-

cedure as baseline. The tests selected provide a balance of bond strength

data and bond durability . The results will form a data base for repair

applications.

The results of Task II will be documented in a final report.
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TR EAT MENT STEP S OUTLiNE

S SOLVE NT WIPE , ABRADE , DRY WIPE

• APPLY CELLED PHOSPHO RIC ACID. LAYER OF GAUZE ,
GELLED ACID

• SECURE SCREEN ON TOP

• • ANODE (+) SUBSTRATE , CATHODE (
~
-) SCREEN

• APPLY 4 VOL T S FOR 10 MINUTES

• REMOVE SCREEN GAUZE , RINSE OFF
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Figure 8 SEM Specimen Viewing Direction
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Table 9 Effect of Part Size

ELECTRICAL CURRENT COLOR
CONTACTS DENSITY, AMPS/FT2 TAPE TEST INSPECTION

4 1.45 + +
3 1.4 + +
2 1.3 + +

1 1.2 + +

Note :

+ = positive tape test or presence of
interference color
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Table Il Effect of Anodizing Mode

NODE TAPE COLOR
TEST INSPECTION

VERTICAL
•TB + +

+ +
• T  + +

HORIZONTAL
•TOP.TOP + +
• BOTIOM. BOTt OM + +
• BOTTOM ONLY + +

Note:

+ = positive tape test or presence of
interference color
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